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(54) TEMPERATURE DETECTOR AND SEMICONDUCTOR MANUFACTURING DEVICE 

(57)Abstract: 

PURPOSE: To control the temperature of a semiconductor 
substrate or a glass substrate evenly and accurately. 
CONSTITUTION: A semiconductor substrate or a glass substrate 
is supported by a support pin 14. A thermocouple 15 is provided in 
the interior of the pin 14 as a temperature detector of a 
semiconductor manufacturing device, wherein these substrates are 
subjected to heating treatment. The point part of the pin 14 is 
constituted of a high-thermal conductivity material and a base 17 
of the pin 14 is constituted of an inorganic material of a thermal 
conductivity lower than that of the substrate. The thermocouple 15 
is secured o the point part of the flat pin 14 and a neck part 17a is 
provided at the base of the pin 1 4. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] Temperature detection equipment characterized by to have embedded the thermocouple at least 
one of the support pins which support said semi-conductor substrate or said glass substrate in the 
temperature detection equipment of the semiconductor fabrication machines and equipment which carry 
out temperature processing of a semi-conductor substrate or the glass substrate by non-contact, to have 
constituted the point of said support pin from an ingredient with thermal conductivity higher than the base 
of said support pin evenly, and to constitute the base of said support pin from said substrate with an 
inorganic material with low thermal conductivity. 

[Claim 2] Temperature detection equipment characterized by having made the base of said support pin 
tubular, having inserted said thermocouple in claim 1 that a contact should be located in the point in tubing, 
and fixing near [ this ] the contact to a support pin point. 

[Claim 3] Temperature detection equipment which made the cross section of the point of the base of said 
support pin smaller than the cross section of the other end in claims 1 or 2. 

[Claim 4] Temperature detection equipment characterized by preparing the include-angle regulatory 
mechanism which makes adjustable the contact angle of the point of the above-mentioned support pin, and 
the above-mentioned substrate in claims 1, 2, or 3. 

[Claim 5] Semiconductor fabrication machines and equipment which equipped with said temperature 
detection equipment the semiconductor fabrication machines and equipment which equipped one [ at 
least ] front face of a substrate with the source of a heat ray for irradiating the heat ray for heating in 
claims 1, 2, 3, or 4 from the outside of the reaction container of the heat ray transparency mold for 
containing said semi-conductor substrate or said glass substrate, and said reaction container. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the temperature detection equipment used for the 
semiconductor fabrication machines and equipment and them which use sources of a heat ray, such as 
semiconductor fabrication machines and equipment especially an infrared lamp, and a ceramic heater. 
[0002] 

[Description of the Prior Art] In order to raise the engine performance of a semiconductor device and to 
lessen dispersion in the engine performance, it is required among the manufacture process of a 
semiconductor device homogeneity and to control correctly the temperature of a semi-conductor 
substrate or a glass substrate, and some cures are already proposed. 

[0003] For example, by the detection approach of temperature given in JP.4-981 35,A, a temperature 
detector is covered with the cap which consists of the quality of the material with high thermal 
conductivity, and thermal resistance is rbduced. Or by reference (JICST E91 121096), alumina tubing is 
used as a support pin and the example which embedded the thermocouple to the interior is shown again. In 
these conventional example, although thermal resistance between a measurement board-ed and a 
temperature detector is lessened, sufficient consideration for the thermal resistance between a 
temperature detector and a support base is not made. Therefore, when it passed along the thermometry 
section and a lot of heat flowed out of a measurement board~ed, there was a fault which the temperature 
gradient of a temperature detector and a measurement board-ed increases to the temperature fall of the 
substrate of a test section itself and a list. Moreover, at that by which a temperature detector has metal 
base materials, such as SUS, there is a fault which generates metal contamination (for example, 
contamination by Fe and Cr) harmful to a measurement board-ed, and with thermometry equipment given 
in JP,4-148545,A, although the example which interpolates a temperature detector in a covering member is 
shown, consideration sufficient from a measurement board-ed for a heat flow rate is not made. 
[0004] 

[Problem(s) to be Solved by the Invention] About the temperature of a semi-conductor substrate or a 
glass substrate, it can control correctly and the purpose of this invention is to offer homogeneity, the 
improved semiconductor fabrication machines and equipment which harmful metal contamination does not 
produce, and its temperature detection equipment. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention forms the 
point (a cap is called below) for the temperature detecting element which serves as the support pin of a 
semi-conductor substrate or a glass substrate evenly with the quality of the material with high thermal 
conductivity, forms the base cross section small qualitatively [ with thermal conductivity lower than a 
substrate ] of non-equipments, and fixes on said cap through the hole in which the contact of a 
thermocouple was prepared in said base. To low temperature treatment, aluminum or an alumina has a 
convenient alumina to high temperature processing, and silicon nitride or silicon carbide is possible for the 
quality of the material of the cap with such a property. Moreover, the quality of the material of a base has 
the compound of oxidization magnesium, such as quartz glass or a steatite, and oxidization silicon, or the 
convenient compound of zirconium oxide and oxidization silicon. 
[0006] 

[Function] The temperature detector (contact of a thermocouple) touches the substrate through a cap. At 
this time, the temperature gradient of a temperature detector and the temperature measurement section 
of a substrate is influenced with the thermal resistance of the contact section of a cap and a substrate, 
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the thermal resistance of a cap, the thermal resistance of a cap and a temperature detector, and the 
thermal resistance of a base (temperature detector supporter). 

[0007] By making a cap tip flat, by decreasing the thermal resistance of the contact section of a cap and a 
substrate, making the quality of the material of a cap into what has high thermal conductivity, and making 
the thermal conductivity of a base low, the thermal resistance of a cap is decreased and, according to this 
invention, the thermal resistance of a base is increased. Moreover, the thermal resistance of a cap and a 
temperature detector is decreased by making a cap fix a temperature detector through tubing of a base. 
Therefore, with the temperature detection equipment of this invention, there is little thermal resistance of 
a temperature detector and a substrate, and the temperature gradient of a temperature detector and the 
temperature measurement section of a semi-conductor substrate decreases extremely. Moreover, by 
constituting a base from an ingredient with low thermal conductivity, and making the cap-side cross 
section of a base small, thermal resistance of a base is enlarged, the heat flow rate lost from a substrate 
can be lessened, the temperature fall of the temperature measurement section of a substrate is decreased 
to coincidence, and the homogeneity of the temperature of a substrate can be secured to it. Furthermore, 
a semi-conductor substrate or a glass substrate can prevent being polluted with poisonous metal by 
confining a thermocouple in the interior of a support pin, and constituting a support pin base qualitatively of 
non-equipments. 
[0008] 

[Example] One example of the semiconductor fabrication machines and equipment concerning this 
invention is shown in drawing 1 . The body 1 of equipment has hollow structure, as shown in drawing, and 
the reaction container 2 made from quartz glass is arranged by the central part. In a form in which two or 
more heat radiation lamps 3 (for example, halogen lamp) carry out a vertical crossover, in the top space 
and bottom space of the reaction container 2, it arranges in parallel, and is arranged in them. The gutter- 
shaped lieberkuhn made from an aluminum containing alloy which gave the golden coat is arranged in head 
lining and the floor line of the body of equipment 1 interior, and the heat ray for heating irradiated from the 
heat radiation lamp 3 condenses towards the reaction container 2 efficiently. 

[0009] The external heat ray absorption plate 4 is arranged in the vertical space between the heat 
radiation lamp 3 and the reaction container 2 (heat ray transparency space), respectively. In the case of 
this example, this absorption plate formed many bleeders 5 for using the thing made from quartz glass in 
which the **** glass side for heat ray diffusion was formed on the front face, and passing the nitrogen gas 
for cooling all over the. The semi-conductor substrate 6 which is a workpiece attached and loaded with the 
guard ring 8 on the diathermancy susceptor 7 installed in the pars basilaris ossis occipitalis of the reaction 
container 2. On the other hand, the thing made from quartz glass was used for the internal heat ray 
absorption plate 9, it was made to approach the semi-conductor substrate 6, and has been arranged to the 
heat ray transparency space of the bottom. This absorption plate can also be arranged in the both sides of 
a substrate 6 if needed. 

[0010] Reactant gas and purge gas were exhausted using the flueing system on the right-hand side of a 
drawing (not shown), after introducing in the reaction container 2 from the gas feed system on the left- 
hand side of a drawing (not shown) and passing this container. Moreover, the water flow way is established 
in the interior of the wall of the body 1 of equipment, and the body 1 of equipment was cooled by letting 
cooling water pass on the water flow way concerned during use of equipment. 

[001 1] The temperature of a substrate 6 has arranged the radiation thermometer 10 to the body 1 down 
side of equipment, and measured it through the observation window 1 1 and the bore 13. Measurement data 
was transmitted to the power control unit 12, and controlled the power supplied to the heat radiation lamp 
3 based on these data. Or the temperature of a substrate 6 was measured again with the thermocouple 1 5 
which carried out interior to the support pin 14 of the diathermancy susceptor 7, as shown in the important 
section expanded sectional view shown in drawing 2 . The support pin 14 is cap 16 and the diameter of 
3.5mm with the flat crowning which consists of an alumina with a diameter of 4mm. Consisting of a base 17 
which consists of quartz-glass tubing, the crowning of a base 1 7 is the diameter of 2.5mm. It is extracted 
and has become base cervix 17a. The joint has fixed the thermocouple 15 on the cap 16 with inorganic 
adhesive. As well as the case of a radiation thermometer, measurement data was transmitted to the power 
control unit 12, and controlled the power supplied to the heat radiation lamp 3 based on these data. The 
radiation thermometer 10 and the thermocouple 15 were changed suitably, and were used. 
[0012] In addition, during use of equipment, in order to prevent each part material becoming an elevated 
temperature exceeding allowable temperature, the nitrogen gas for cooling was blown into the gap between 
the body 1 of equipment, and the reaction container 2, and these members were cooled. 
[0013] When it loaded with the raw semi-conductor substrate (silicon substrate) 6 into the reaction 
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container 2 and annealing treatment was performed at the temperature of 1000 degrees C by such 
manufacturing installation, dispersion in the temperature for every substrate obtained about 1 degree C 
and a good result. When same annealing treatment was performed using the silicon substrate in which the 
polish recon film was formed on the front face, and the silicon substrate which gave the ion dope to the 
front face, although dispersion was as good as about 1 degree C, by the temperature control using a 
thermocouple 15, the value of dispersion became large with about 10 degrees C by the temperature control 
using a radiation thermometer 10. Moreover, the error of the temperature of a silicon substrate 6 and the 
detection temperature by the thermocouple 15 is as fixed as about 4 degrees C, and it became clear by 
amending and using 4 degrees C of this error for the temperature control of a silicon substrate 6 that it is 
controllable with a sufficient precision. Furthermore, there were few differences of the silicon substrate 
temperature near the support pin 14 embedding a thermocouple 15 and the substrate temperature of the 
circumference of it as about 2 degrees C, and the temperature of a substrate was uniform. 
[0014] For a comparison, the cap 16 of a support pin is formed with an alumina with a diameter of 4mm. 
The place which similarly formed the base with quartz-glass tubing with a diameter of 4mm, and 
experimented by being the same as the above-mentioned conditions, The error of the temperature of a 
silicon substrate 6 and the detection temperature by the thermocouple 1 5 became about 7 degrees C, and 
the difference of the silicon substrate temperature near the support pin 14 embedding a thermocouple 15 
and the substrate temperature of the circumference of it became about 10 degrees C and an ununiformity 
further. Although the thermal conductivity of quartz glass is low, since that cross section is large, this 
cause is guessed because a lot of heat flowed into the direction of a support pin from the semi-conductor 
substrate 6. Therefore, since a mechanical strength becomes weaker, it is thermally convenient [ the size 
of the support pin 14 is suitable for the thermometry so that it is thin, but ] to make thin the cervix which 
stress cannot concentrate easily. 

[0015] Furthermore, form with the cap 16 of a support pin, and both the bases 17 are formed in a list with 
an alumina with a diameter of 4mrri for a comparison. When it experiments by being the same as the above- 
mentioned conditions, the error of the temperature of a silicon substrate 6 and the detection temperature 
by the thermocouple 15 is as large as about 15 degrees C. And the value was not fixed, the difference of 
the silicon substrate temperature near the support pin 14 embedding a thermocouple 15 and the substrate 
temperature of the circumference of it was still as larger as about 40 degrees C, and the temperature of a 
substrate was uneven. Although the difference of extent also has this cause, it is guessed because the 
thermal resistance of a base 22 is low as well as the above-mentioned cause. 

[0016] Thus, when semi-conductor substrate temperature is measured by the low support pin of thermal 
resistance, in order to investigate the cause by which substrate temperature becomes uneven The 
susceptor 7, the guard ring 8, and the internal heat ray absorption plate 9 of the semiconductor fabrication 
machines and equipment shown in drawing 1 are demounted. Instead, the semi-conductor substrate was 
directly carried on the ceramic heater, the semi-conductor substrate was heated at the heater, and 
substrate temperature was measured with the thermocouple 1 5 formed in the support pin which formed 
both the cap 16 and the base 17 with the alumina with a diameter of 4mm. Consequently, the difference of 
the silicon substrate temperature near the support pin 14 and the substrate temperature of the 
circumference of it decreased with about 5 degrees C. When heating the semi-conductor substrate 6 by 
the contact method, therefore, the heating value which a substrate receives from a heating object As 
opposed to the operation which reduces the temperature gradient arising, when a temperature gradient 
arises in a substrate, since it is proportional to the temperature gradient of a heating object and a 
substrate In heating the semi-conductor substrate 6 with a non-contact method, for example, an infrared 
lamp It is concluded as that to which a temperature gradient will arise around it if the outflow of heat 
arises partially, since the heating value which a substrate receives is equal, the temperature of the semi- 
conductor substrate 6 is high especially, and the temperature change of a semi-conductor substrate 
becomes large around a support pin when the thermal resistance of a support pin is low. 
[0017] Drawing 3 shows another example of this invention in the case of forming silicon oxide on a silicon 
substrate. In this example, the low-pressure mercury lamp 18 (ultraviolet ray lamp) has been arranged to 
the top space of the reaction container 2, and the halogen lamp 3 (heat radiation lamp) has been arranged 
to the bottom space of the reaction container 2. Cap 16 is aluminum and its other structures are 
substantially [ as the case of an example 1 ] the same. In addition, the internal heat ray absorption plate 9 
is removed. 

[0018] Silicon oxide was formed on the silicon substrate 6 by introducing into the reaction container 2 the 
reactant gas which consists of mono-silane gas and laughter gas, and irradiating ultraviolet rays with a 
wavelength of 185nm at the silicon substrate 6 maintained in temperature of 150 degrees C. Both 
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temperature errors were able to form in dispersion in substrate temperature (repeatability), homogeneity, 
and a list the temperature control by the thermocouple, the temperature control by the radiation 
thermometer, and the silicon oxide that is very good and has desired high quality. 

[0019] Moreover, the resist on a substrate was removed by the same equipment configuration as drawing 
3 , using ozone gas as reactant gas. The substrate was maintained at 250 degrees C and ultraviolet-rays 
reinforcement on a substrate was made into about 100 mW/cm2. The sink and the resist were oxidized 
between 0.5mm of gaps on the front face of a substrate in the ozone content oxidizing quality gas for flow 
rate/of 101. The oxidation rate (processing speed) of the resist at this time changed about 2% to 1 degree 
C of change of substrate temperature. Since a reaction rate will become slow if substrate temperature is 
low, when the substrate temperature in a support pin part is low, remnants only with the unreacted part will 
remain. For the resist processing speed at the time of using the support pin of this invention, the ratio to a 
part with a late early part is 0.95. It became the above and has checked that homogeneity was satisfactory. 

[0020] Drawin g 4 is the block diagram showing another example of this invention which established the 
device 19 in which the contact angle (angle which the field of cap 16 and the field of a substrate 6 make) 
of the support pin 14 and a substrate 6 was adjusted. The support pin 14 has become pivotable around it 
by the include-angle regulatory mechanism 19, and even when a substrate 6 inclines, cap 16 is adjusted 
that field contact (zero contact angle) should be carried out to a substrate 6. In order to make thermal 
resistance with a substrate 6 small, the crowning of the cap 16 of the support pin 14 is flat, but if the 
inclination has arisen by curvature etc. in the substrate 6, the touch area of a substrate 6 and the support 
pin 14 will become less enough therefore, and a detection temperature error will become large. In this case, 
since the temperature detected becomes lower than the actual temperature of a substrate 6, it is made 
into detection temperature with the temperature in the location where the include angle of a support pin 
was only moved by the include-angle regulatory mechanism 19, and the temperature detected became max, 
and controls heating power. While performing this include-angle accommodation, temperature control is 
performed based on other measurement temperature data, or temperature control is set constant. When 
heating a substrate 6 in a vacuum especially, change of the detection temperature by the contact angle 
was large, and when that whose error of substrate temperature and detection temperature was about 10 
degrees C when a contact angle was 1 time adjusted a contact angle and considered as 0 times, it 
decreased with 4 degrees C. 

[0021] In addition, although the halogen lamp was used as a heat radiation lamp 3 for heating a silicon 
substrate in the example, it is also possible to use an infrared lamp and a ceramic heater for a non-contact 
type. Moreover, although the example explained the case where a semi-conductor substrate was used as a 
heated substrate, it is also the same as when a glass substrate is used. However, since the thermal 
conductivity of the substrate is lower than the thermal conductivity of a silicon substrate when a glass 
substrate is used, the homogeneity of the temperature of a substrate worsens further. Furthermore, 
although the case where quartz glass was used as the quality of the material of the base 22 of a support 
pin was explained, as for the quality of the material of a base 22, the ceramics of oxidation silicon content 
of MgO-Si02, 2 MgO-Si02, and a Zr02 and Si02 grade is suitable. Anyway, the thermal conductivity of the 
quality of the material of a base 22 should just be a substrate and the quality of non-equipments lower 
enough than the thermal conductivity of cap 16. 
[0022] 

[Effect of the Invention] With the temperature detection equipment of the semiconductor fabrication 
machines and equipment of this invention, by lowering a temperature detector and the thermal resistance 
around it, and raising the thermal resistance of a supporter, the temperature of a semi-conductor 
substrate or a glass substrate can be measured correctly, and the temperature unevenness of these 
substrates can be lessened, and harmful metal contamination can be prevented by constituting the base of 
a support pin qualitatively of non-equipments. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the first example of the semiconductor fabrication machines and 
equipment of this invention. 

[Drawing 2] The sectional view of the important section of the temperature detection equipment of the 
semiconductor fabrication machines and equipment of this invention. 

[Drawing 3] The sectional view showing the second example of the semiconductor fabrication machines 
and equipment of this invention. 

[Drawing 4] The explanatory view of the important section of the temperature detection equipment of the 
semiconductor fabrication machines and equipment of this invention. 
[Description of Notations] 

14 [ -7 A base, 17a / — Base cervix. ] — A support pin, 15 — A thermocouple, 16 — A cap, 17 
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